spanned April through November 2000, with consistent 1-second detection limits and sensitivities to both species on the order of several hundred pmol mol -1 . Degradations in astigmatic Herriott cell mirror reflectivity and overall sensitivity were minimal. A 3-m coated quartz inlet extension sampled above-canopy air at the level of a sonic anemometer, preserving ambient NO 2 and HNO 3 concentrations, as well as the fast fluctuations required for eddy covariance measurements of NO 2 .
2) HNO 3 Intercomparison:
HNO 3 concentration measurements by a prototype TDLAS instrument compared well within noise limits to those of a chemical ionization mass spectrometer (CIMS) during a side-by-side intercomparison (fall 1996, Boulder, CO). Sensitivity was limited by the lack of active temperature control of the optical elements in the prototype TDLAS, a problem that was solved in the Harvard Forest instrument.
Unlike the CIMS, the prototype TDLAS was able to operate in a partially unattended mode, facilitating 24-hour data collection for several weeks.
3) NO 2 Intercomparison:
TDLAS NO 2 and photolysis-chemiluminescence (P-C) NO 2 concentration measurements at Harvard Forest compared extremely well under all sampled conditions. The TDLAS calibration did not rely directly on NO and NO 2 tank standards, and thus provided an independent verification of the long-term, ongoing P-C NO 2 measurements at Harvard Forest.
4) Nighttime NO 2 Deposition:
NO 2 flux at night was downward and depended quadratically on NO 2 concentration.
Nighttime NO concentrations and soil emission rates were low enough to contribute negligibly to NO x . The apparent NO 2 deposition velocity varied from 0.2 to 0.5 cm s -1 over the corresponding NO 2 concentration range of 1 to 30 nmol mol -1 .
Heterogeneous N 2 O 5 hydrolysis on forest surfaces below the sensor accounted for substantially less than 30% of the observed downward NO 2 flux. The observations suggest that heterogeneous hydrolysis of NO 2 and production of HONO on forest surfaces may have been important.
5) Daytime Coupled NO-NO 2 Fluxes:
Coupled upward NO 2 and downward NO fluxes during the day arose from photochemical cycling in the presence of the canopy-induced light gradient, and represented no net flux of NO x . These were the first observations of the coupled NO x fluxes above a mature forest canopy using reliable eddy-covariance measurement techniques. In addition to the zero-net flux NO x cycling during the day, we observed a small net downward NO x flux comprised of a constant deposition velocity and a smaller daytime upward flux component.
6) NO x Flux Parameterization:
NO 2 flux at all hours, in all conditions, were parameterized using a simple linear model including constant deposition velocity, concentration-dependent deposition velocity, light gradient-driven NO x cycling, and stomatal terms. The parameterization accounted for 61% of the observed variance in measured NO 2 flux and showed no anomalous residual behavior with physical and micrometeorological variables. NO flux was similarly parameterized, requiring only a light gradientdriven NO x cycling term and a small constant deposition velocity term. For the much shorter period of NO flux measurements, the parameterization accounted for 92% of the observed variance in FNO. By removing the light gradient-driven NO x cycling term from the NO 2 flux parameterization, we arrived at an estimate of net NO x flux, which was downward and varied little between day and night or between full-canopy and leafless conditions. The overall net NO x deposition velocity was approximately 0.2 cm s -1 .
7) HNO 3 Dry Deposition Inferential Method:
A DDIM calculation was employed to estimate the hourly deposition velocity of HNO 3 . The estimated deposition velocity was multiplied by the measured hourly concentration to obtain the hourly HNO 3 flux. Diel HNO 3 concentrations varied little, and thus applying the DDIM in a weekly average sense to the hourly data introduced noise but not a persistent bias. This exercise simulated the standard sampling procedure at national nitrogen deposition network sites, and suggests that the approach is reasonable for HNO 3 as long as the concentration measurements themselves are reliable and interference-free.
8) PAN Deposition Velocity:
By assuming that the first order decays of PAN and O 3 concentrations observed on selected nights were primarily due to surface deposition, we placed an upper-limit on the deposition velocity of PAN of 0.8 ± 0.4 cm s -1 . Additional chemical losses of PAN would make the actual surface deposition velocity smaller than this estimate.
9) NO y Concentration and Flux Budgets:
Diurnal concentration and flux budgets for northwesterly (cooler, cleaner, and drier) and southwesterly (warmer, more polluted, and more humid) wind conditions for summer and fall 2000 were constructed using measured concentrations of NO y , NO, 
10) Deposition Velocity of Unmeasured NO y
We inferred that the average deposition velocity of the unmeasured NO y compounds transported to Harvard Forest from the Southwest was approximately 3 cm s -1 . With total deposition velocities and concentrations comparable to HNO 3 , the unidentified compound(s) could make important contributions to net nitrogen deposition not currently included in estimates.
Future Research: Unanswered Questions and Possible Approaches a.) What processes control observed nighttime NO 2 deposition?
Heterogeneous NO 2 hydrolysis is not well understood, particularly at ambient concentrations and on natural surfaces. Research on reaction rates and mechanisms is already underway [e.g. Sumner et al., 2001] . Once published, we will be able to make better estimates of the magnitude of NO 2 deposition due to surface hydrolysis and of the fate of reaction products such as HONO. In addition, more measurements of HONO, in concert with other NO y species, are absolutely required to unravel its role in tropospheric chemistry.
b.) Is there a compensation point for NO 2 in temperate forest ecosystems?
Although the results presented here suggest that the vegetation may emit a small amount of NO 2 during the day correlated with stomatal opening, we lacked enough measurements at higher NO 2 concentrations to determine whether stomatal deposition would occur. In fact, the observed upward NO 2 flux component could not be 140 definitively identified as a stomatal process. A longer dataset of whole canopy flux measurements, along with chamber measurements of NO 2 exchange at the leaf level using sensitive techniques such as the TDLAS, would help to answer this important question. We also suggest adapting the TDLAS to simultaneously measure NO and NO 2 concentrations and eddy covariance fluxes to improve coherence between the coupled NO x fluxes and increase sensitivity to a compensation point effect for the whole canopy. The parameterization of net NO x flux presented herein could be adapted to and tested in the Harvard GEOS-CHEM model. Sensitivity of O 3 production to differences between the base case and the new parameterization due to non-zero nighttime NO 2 deposition, new rates of daytime NO x deposition, and deposition in late fall through early spring (leafless) conditions could thus be evaluated. We expect that the effect on summertime O 3 production will be small, since the 24-hour average NO 2 deposition velocity in the GEOS-CHEM model is within a factor of two of our observations, and removal of oxidized forms of NO y far exceeds direct deposition of NO 2 . During the winter, however, the additional NO x deposition indicated by our observations may have a significant influence on the fraction of NO x emissions deposited within the continental United States compared to NO x export to the remote global troposphere.
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